Supergene mineralization at the hydrothermal Farbište ore occurrence near Poniky, central Slovakia, was studied using optical and electron scanning microscopy, X-ray powder diffraction, electron microprobe and IR spectroscopy. Two principal associations of the supergene minerals were observed. The first is represented mostly by tyrolite with a higher content of sulphate groups and chrysocolla associated with copper carbonates. The second is characterized by a rich assemblage of copper arsenates: low-S tyrolite, strashimirite, parnauite, olivenite, cornwallite, cornubite, euchroite and clinoclase, which occur together with chrysocolla, bariopharmacosiderite-Q, brochantite, azurite and malachite. Both associations formed as a result of decomposition of primary ore minerals, especially tennantite, which is the prevalent primary ore mineral at the Farbište occurrence and was the main source of Cu, As and S ions in the supergene zone.
Introduction
Study of supergene mineral associations and minerals present in oxidation zones of sulphide ore deposits/ occurrences may lead to a better understanding of the geochemical behaviour of elements such as Cu, Pb and As in near-surface parts of the Earth's crust. Supergene minerals and their stability play a key role in mobility of these elements. Study of these minerals elucidates mechanism of element transportation and accumulation under the natural conditions (Magalhães et al. 1986 (Magalhães et al. , 1988 Williams 1990; Krivovichev et al. 2006) .
The occurrence of supergene minerals at Farbište, Central Slovakia, has been known in the literature for more than a century, but general data for supergene phases are lacking. Zipser (1817) described an occurrence of azurite, chrysocolla, malachite and pseudomalachite, while tyrolite was first mentioned by Zepharo vich (1859) . Láznička (1965) reported also euchroite and erythrite, while clinoclase, strashimirite and olivenite were identified by Řídkošil (1981a) . A short note on the presence of cornwallite and cornubite was published by Hyršl et al. (1984) . Recently, a report on new finds of supergene minerals from Farbište was given by Števko et al. (2010) .
This paper presents data obtained by detailed study of newly collected samples with particular focus on chemical composition and associations of supergene minerals at this locality, which is particularly rich in rare copper arsenates like euchroite, strashimirite and parnauite and represents a suitable model object for study of copper and arsenic behaviour under supergene zone conditions.
Geological setting

Regional geology
The small abandoned Cu deposit Farbište is situated on the southern slopes of the Farbište Hill (675 m a.s.l.), c. 4 km NE of Poniky village ( Fig. 1 ) in the Ponická vrchovina Mts., Slovak Republic. The Poniky and Bystrica highlands constitute part of a larger geographic entity -the Zvolen Basin (Mazúr and Lukniš 1980) . Several geological units participate in the rather complicated Palaeo-Alpine structure of the region, including Veporic, Fatric, Hronic and Silicic units, sediments of Palaeogene age and accumulations of Neogene volcanics (Fig. 1) . The Veporic Unit consists of a crystalline complex, Late Palaeozoic clastic sediments of the Ľubietová Group, and the Veľký Bok envelope sequence of the Mesozoic age. Migmatized paragneisses, banded migmatites and granite porphyries are the dominant crystalline rocks in the Poniky area (Polák et al. 2003b ). In the Suchá Driekyňa Valley occur Late Palaeozoic clastic sediments of the Ľubietová Group (Vozárová and Vozár 1988) . The Mesozoic Veľký Bok envelope sequence and lithologically closely similar Fatric Unit include sediments of Triassic to Cretaceous age (Polák et al. 2003b) . The Hronic Unit is represented mainly by complex of Me-sozoic sedimentary rocks. The clastic sediments and tholeiitic volcanic rocks of the Hronic Unit (Ipoltica Group) occur only north of Poniky in the Slovenská Ľupča (Vozárová and Vozár 1988) . The Mesozoic rocks in the Hronic Unit are mainly Triassic limestones and dolomites. The Silicic Unit in the Poniky area (Drienok Nappe, Bystrický 1964 ) has a stratigraphic range from Lower to Upper Triassic (Polák et al. 2003b) . A characteristic Lower Triassic member of the Drienok Nappe are acid volcanites and associated pyroclastic rocks (Slavkay 1965) . Middle and Upper Triassic is developed as limestones and dolomites (Polák et al. 2003b ).
Copper mineralization of the Farbiště occurence
Early exploration and small-scale mining at the locality took place in the 19 th century in an adit situated in the supergene zone (Figs 2, 3a) . In 1959 In -1960 , an extensive geological exploration (boreholes, test pits) was started. The 19 th century adit was re-opened and primary mineralization in the deeper parts of deposit explored via a new adit (Losert 1965; Slavkay et al. 1968 ). This research confirmed that the mineralization is non-economic and estimated reserves of copper are small (Slavkay et al. 1968; Slavkay 1971) .
Hydrothermal copper mineralization at the Farbište occurrence has characteristics of a stockwork-impregnation zone with NE-SW strike, dip 30-60° to SE and maximum thickness of 10 m (Losert 1965; Slavkay 1971) . The ore mineralization is hosted in Lower Triassic rhyolites, andesites and their pyroclastic derivates belonging to the Silicic Unit (Slavkay 1965; Slavkay et al. 1968) (Fig.  1 ). According to Uher et al. (2002a) , the rhyolites are potassium-rich and of anorogenic nature, with porphyric texture. All these volcanic rocks are interpreted as indicators of early Alpine continental rifting (Putiš et al. 2000) .
The primary ore mineralization at Farbište is rather simple. The main ore mineral is tennantite accompanied by pyrite, bornite, chalcopyrite, chalcocite and hematite (Kravjanský 1962; Losert 1965; Slavkay 1971) . Kotásek and Kudělásek (1962) identified galena as microscopic corroded grains in limonite. Láznička (1965) mentioned also covellite. Gangue minerals are represented by quartz and baryte (Slavkay 1971) . Kravjanský (1962) identified (Polák et al. 2003a, modified) . the following succession scheme of the primary minerals: quartz → pyrite → bornite → chalcopyrite → tennantite → chalcocite → barite. The supergene zone extends to depths of 50 m. It is well exposed on outcrop ( Fig. 3b ) and in erosion rills situated above the upper adit.
Experimental techniques
Morphological study
The surface morphology of samples was studied using an Olympus SZ61 optical microscope in combination with an Olympus SP-350 digital camera and Quick-PHOTO MICRO 2.2 software (Martin Števko, Department of Mineralogy and Petrology, Faculty of Natural Sciences, Comenius University, Bratislava) or with a Leitz Ortholux I optical microscope in combination with a Canon EOS 400 D digital camera (Volker Betz), used for photography in incandescent light. Depth of focus of photos was reached by layering composition of a number of pictures using the Deep Focus 3.1 (Martin Števko) or Helicon Focus software (Volker Betz). Details of surface morphology of gold-coated samples were studied using a Jeol Superprobe JXA-840A scanning electron microscope (SEM) under the following conditions: accelerating voltage 15 kV and specimen current 6 nA (Faculty of Natural Sciences, Comenius University, Bratislava).
X-ray powder diffraction study
Step-scanned powder diffraction data were collected using a Bruker D8 Advance diffractometer (Laboratory of X-ray diffraction SOLIPHA, Faculty of Natural Sciences, Comenius University, Bratislava) under following conditions: Bragg-Brentano geometry (θ-2θ), Cu anode, LynxEye detector, accelerating voltage 40 kV, beam current 40 nA, step size 0.01° 2θ and the step time 3 s. NiK β filter was used for stripping of K β radiation on the primary beam. The studied samples were placed on the surface of a flat silicon wafer from suspension in ethanol. The results were processed using the X-ray analysis software Bruker DIFFRAC plus EVA, and unit-cell parameters were refined with the Bruker DIFFRAC plus TOPAS program using Rietveld refinement mode.
Chemical analyses
Quantitative chemical data were collected using Cameca SX100 electron microprobe (Laboratory of Electron Microscopy and Microanalysis of the Masaryk University and Czech Geological Survey, Brno) operating in the wavelength-dispersion mode with an accelerating voltage of 15 kV, a specimen current of 8-10 nA, and a beam diameter of 5-10 μm. The following X-ray lines and standards were used: K α : andradite (Ca, Fe), albite (Na), barite (S), sanidine (Al, Si, K), fluorapatite (P), ZnO (Zn), olivine (Mg), rhodonite (Mn), vanadinite (V), topaz (F), halite (Cl); L α : InAs (As), dioptase (Cu), Sb (Sb); M α : vanadinite (Pb) and M β : Bi (Bi). Peak counting times were 20 s for main elements and 60 s for minor elements; each background was counted for a half of peak time. Raw intensities were converted to concentrations using the automatic PAP (Pouchou and Pichoir 1985) matrix correction software package. Elevated analytical totals for minerals containing a large amount of hydroxyl groups or crystal water are generally caused by water evaporation under highvacuum conditions or its evaporation due to heating of the analyzed spot by the electron beam. Lower analytical totals for some samples are primarily due to their porous nature or poorly polished surfaces of soft or cryptocrystalline minerals.
Infrared spectroscopy
Mid infrared spectra (4000-400 cm -1 ) were recorded by micro diffuse reflectance method (DRIFTS) using a Nicolet 6700 FTIR spectrometer with DTSG detector (Institute of Inorganic Chemistry, Slovak Academy of Sciences, Bratislava). Each handpicked monomineralic sample was mixed with KBr (1 mg of sample to 200 mg of KBr). Obtained data were processed using the OMNIC 8.1. software (Nicolet Instruments Corp.).
Description of minerals and their properties
4.1. Carbonates
Azurite
Azurite is one of the most common supergene minerals, together with malachite. It usually occurs as pale to bright-blue coatings, crystalline crusts and impregnations on fissures of mineralized rocks. Well developed, dark-blue prismatic azurite crystals up to 2 mm long with vitreous lustre or radial ( Fig. 4a ) and spherical aggregates up to 1 cm consisting of tabular crystals (Fig. 4b ) are rare. Azurite as one of the main supergene minerals had usually overgrown older brochantite, strashimirite, olivenite and cornubite, and is covered by younger phases such as euchroite and clinoclase. Azurite was identified by X-ray powder diffraction and its refined unit-cell parameters correspond well to the published data.
Malachite
Malachite is a common supergene phase occurring as pale to dark-green coatings and crusts or botryoidal aggregates ( Fig. 5 ) with fibrous internal structure and silky lustre. The most common mineral species associated with malachite is azurite. Both are frequently covered by younger aggregates and crystal clusters of euchroite and clinoclase.
It has been confirmed by X-ray powder diffraction. The refined unit-cell parameters correspond to the published data. ryoidal chrysocolla or crystalline azurite and malachite crusts. Rarely it is overgrown by bariopharmacosiderite-Q, tyrolite and euchroite. Barite was identified by X-ray powder diffraction and semi-quantitative microprobe analyses confirmed the main components, Ba, S and O.
Brochantite
Brochantite has been identified as rare emerald-green crusts (Fig. 6a ) which cover several cm 2 in association with azurite and malachite. Crusts are composed of tiny tabular to prismatic crystals up to 0.2 mm (Fig. 6b) , grouped into radial aggregates. Brochantite aggregates are sometimes replaced by parnauite and both are covered by tiny crystals of younger azurite and malachite.
It was identified by X-ray powder diffraction. Its refined unit-cell parameters (Tab. 1) are in good agreement with the data published for this mineral. The chemical composition of brochantite (Tab. 2) is very simple; only the presence of Cu and S is indicated. Empirical formula of brochantite based on S = 1 is Cu 3.93 (SO 4 ) 1.00 (OH) 5.85 .
Arsenates
Bariopharmacosiderite-Q
This mineral occurs as two morphologically different types. The first is represented by thin yellow to yellowish brown crystalline crusts and coatings in fissures. The second occurs as brittle fillings of vugs (Fig. 7a) . Both types of bariopharmacosiderite-Q aggregates are composed of well-developed isolated pseudocubic crystals (Fig. 7b) up to 0.7 mm across. Bariopharmacosiderite-Q is one of the oldest supergene arsenates and is often covered by strashimirite, olivenite and cornubite.
Bariopharmacosiderite-Q has been confirmed by X-ray powder diffraction (Tab. 3) and its refined unit-cell parameters (Tab. 4) fit well with the data published by Hager et al. (2010) Števko. c -Na-Ba-K (atomic ratios) ternary diagram for the Ba-dominant members of the pharmacosiderite group. d -A binary plot of Ba + K + Na vs. Cu + Zn (apfu) for Ba-dominant pharmacosiderite minerals. e -A binary plot of Fe + Al vs. Cu + Zn (apfu) for Ba-dominant pharmacosiderite minerals. f -A binary plot of Fe/(Fe + Al) vs. Ba + Na + K (apfu) for Ba-dominant pharmacosiderite minerals. very similar chemical composition (Tab. 5); only minimal contents of K (up to 0.01 apfu) and Na (up to 0.02 apfu) were detected (Fig. 7c) . Interesting are elevated contents of Cu and Zn, which were reported only for bariopharmacosiderite from Cínovec (Jansa et al. 1998) . Diagrams in Figs 7d-e suggest that Cu and Zn probably substitute for Fe 3+ + Al, rather than replacing cations in the Ba + Na + K position. A similar situation for Cu + Zn in the Fe 3+ + Al position of Pb-dominant minerals of the alunite supergroup was described by, e.g., Sato et al. (2008) and Sejkora et al. (2009) . Iron in bariopharmacosiderite from Farbište is partly substituted by Al (0.42-0.68 apfu, Fig. 7f ). Similar aluminium contents were determined in some bariopharmacosiderite samples from Krásno (Sejkora, unpublished data) or from Záblatíčko (Čech et al. 1975) and Cínovec (Jansa et al. 1998) . Dominating As in the anion group of bariopharmacosiderite from Farbište is accompanied by negligible contents of P (up to 0.01 apfu) and Si (up to 0.02 apfu). Empirical formulae for the two studied types of bariopharmacosiderite from Farbište were calculated on the basis of (As + P + Si) = 3 apfu as follows: (Ba 0.58 Na 0.01 ) Σ0 
Clinoclase
Clinoclase has been found frequently as clusters and coatings of tabular crystals (Fig. 8) Tab. 4 Unit-cell parameters of bariopharmacosiderite-Q (for tetragonal space group P-42m)
Farbište, Slovakia this paper 7.9317(5) 8.0568 (7) 506.87 ( size, and covering areas up to several cm 2 on fissures and in vugs of mineralized rocks. The crystals are dark-blue to greenish-blue, translucent to transparent with vitreous to pearly lustre. Rare are nearly black, barrel-shaped complex clinoclase aggregates up to 2 mm. Clinoclase is mostly associated with older strashimirite, olivenite and cornubite.
Clinoclase was identified by X-ray powder diffraction. The refined unit-cell parameters (Tab. 6) correspond to the published data. The chemical composition of clinoclase is close to the theoretical end member (Tab. 7). Only some crystals contain slightly increased Zn (up to 0.04 apfu), Ni and Co (to 0.01 apfu). In the anion site, As is accompanied by minor P (up to 0.02 apfu). Interesting are minor contents of F (0.01-0.03 apfu), which were not previously reported for this species. The empirical formula for clinoclase from Farbište may be expressed on the basis of (As + P) = 1 apfu as (Cu 2.97 Zn 0.01 ) Σ2.98 (AsO 4 ) 0.99 (PO 4 ) 0.01 (OH) 2.95 F 0.02 .
Cornubite
Cornubite has been identified as abundant, pale to darkgreen semi-spherical aggregates ( Fig. 9a) 1-3 -representative analyses of crystalline crusts of bariopharmacosiderite; 4-6 -representative analyses of brittle fillings of bariopharmacosiderite from Farbište. Coefficients of empirical formula were obtained assuming (As + P + Si) = 3; H 2 O* was calculated from the ideal content in the formula H 2 O = 6 and a charge balance.
Tab. 6 Unit-cell parameters of clinoclase (for monoclinic space group P2 1 /b) crusts and coatings without visible crystals on the surface, which usually cover botryoidal aggregates of older strashimirite and clusters of olivenite crystals (Fig. 9b ).
Cornubite was identified by X-ray powder diffraction and its refined unit-cell parameters (Tab. 8) 
Cornwallite
Rare cornwallite occurs as emerald to dark-green botryoidal crusts or isolated hemispherical aggregates up to 2 mm with vitreous lustre, which are partially covered by crystalline crusts of azurite and clusters of euchroite crystals. Surfaces of cornwallite aggregates are irregular (Fig. 10) , without any visible crystals. The mineral was identified by X-ray powder diffraction. The refined unit-cell parameters (Tab. 10) correspond to Width of area is 7 mm. Photo by V. Betz. b -Euhedral inclusions of olivenite (white) in euchroite crystal (light grey); BSE photo by J. Sejkora. c -A binary plot of Cu/(Cu + Zn) vs. As/(As + P) (apfu) for euchroite.
Euchroite
Euchroite has been found at Farbište as well-developed, short prismatic to thick tabular crystals (Fig. 11a ) usually up to 4 mm, exceptionally up to 1 cm in size. The crystals usually occur in clusters which overgrow older azurite, malachite, strashimirite and cornubite crystalline crusts and aggregates on fissures and in vugs of mineralized rocks. Clusters of euchroite crystals sometimes cover areas up to 100 cm 2 . Euchroite crystals are of bright emerald-green to leek-green colour, translucent to opaque with a vitreous lustre. Characteristic are euhedral olivenite crystals which are enclosed in euchroite (Fig. 11b) . Rare are euchroite crystals completely pseudomorphosed by olivenite or covered by crystalline crusts of younger clinoclase. The second, much rarer form of euchroite, is represented by pale-green hemispherical aggregates up to 2 mm with crystalline surfaces showing minute tabular crystals.
Euchroite has been confirmed by X-ray powder diffraction (Tab. 11). Its refined unit-cell parameters (Tab. 12) are in good agreement with the data given by Eby and Hawthorne (1989) same as Frost et al. (2010) . Typical for euchroite in BSE images is parquet-like pattern of fracturing of crystals (Fig. 11b) , caused by partial water loss in vacuum. All the three studied types of euchroite have only minimal contents of minor elements (Tab. 13). Characteristic of the first type (leek-to emerald-green crystals with euhedral olivenite inclusions) are P contents in the range 0.06-0.07 apfu; its empirical formula on the basis of (As + P) = 1 apfu is Cu same mineral from Svätodušná deposit, Lubietová, Slovak Republic (Anthony et al. 2000; Frost et al. 2010) . Interesting is the F content of 0.02-0.03 apfu in all types of the studied samples, as such elevated fluorine concentrations were not reported as yet for this species.
Olivenite
Olivenite occurs in fissures of mineralized rocks with other arsenates in three morphologically different types. The first, most abundant one are white to pale-green fibrous coatings (Fig. 8 ) and radial aggregates with silky lustre. The second habit is short to long prismatic or tabular olive to dark-green crystals (Figs 12a-b) up to 3 mm, enclosed in euchroite or forming isolated clusters and crystalline crusts. Such crystals sometimes completely replace euchroite. The third form of olivenite occurs as olive to pale-green acicular crystals (Fig. 12c) up to 2 mm in size, which are usually grouped to spherical aggregates and crusts. Two generations of olivenite were principally observed. Olivenite I (white fibrous, prismatic or acicular) is older than strashimirite and is often overgrown by cornubite, euchroite and clinoclase. Younger olivenite II is represented by prismatic to tabular crystals, which are exclusively enclosed in euchroite and sometimes even completely replace crystals of this mineral. Each type of olivenite was identified by X-ray powder diffraction. The refined unit-cell parameters (Tab. 14) correspond well with the data published for this species. Chemical compositions of two olivenite generations were determined (Tab. 15). The first (prismatic crystals enclosed in euchroite) contains only minor Zn and P (up to 0.01 apfu). Its empirical formula on the basis of (As + P) = 1 is Cu 2.02 (AsO 4 ) 0.99 (PO 4 ) 0.01 (OH) 1.02 F 0.02 . The second (acicular crystals on strashimirite) contains Zn (up to 0.02 apfu) and Al (up to 0.01 apfu). The dominant As in the anion group is substituted by a small amount of Sb (up to 0.01 apfu). Phosphorus content resulting from otherwise common PAs -1 substitution was not detected. The empirical formula of olivenite based on (As + Sb) = 1 is (Cu 2.00 Zn 0.01 Al 0.01 ) Σ2.02 (AsO 4 ) 0.99 (SbO 3 OH) 0.01 (OH ) 1.01 F 0.02 . Minor contents of F (0.02-0.03 apfu) in both types of olivenite are interesting as no report on fluorine presence in olivenite was found in the literature. 
Parnauite
Very rare parnauite has been identified as blue-green crystalline coatings which have replaced crystalline aggregates of brochantite (Fig. 13a) , or as thin crusts composed of tiny platy crystals in association with strashimirite and euchroite. Parnauite has been confirmed by X-ray powder diffraction (Tab. 16). Its refined unit-cell parameters (Tab. 17) are in good agreement with the data given by Wise (1978) and Frost et al. (2009a) . The crystal structure has not been determined yet but the following ideal formula has been proposed: Cu 9 (AsO 4 ) 2 (SO 4 )(OH) 10 ·7H 2 O (Wise 1978; Frost et al. 2009a ). The possible presence of carbonate groups, reported by Wise (1978) for material from the Majuba Hill mine, was not confirmed by a detailed spectroscopic study of parnauite from the Svätodušná deposit (Frost et al. 2009a) . Parnauite from Farbište contains, in contrast to other known analyses of this species, elevated Zn of 0.39-0.46 apfu (Fig. 13b) and significantly lower contents of other minor elements. The sum of Ca + Fe + Co + Ni + Al varies between 0.06 and 0.09 apfu (Fig. 13c) . The composition of the anion group in parnauite from Farbište is near to an ideal one (Fig. 13d) , whereas parnauite from the Majuba Hill mine (Wise 1978) 
Strashimirite
Strashimirite occurs frequently as pale green to white botryoidal crusts (Fig. 14a ) which cover several cm 2 and form isolated hemispherical aggregates up to 3 mm. Typical are a fibrous internal structure and a pearly lustre due to surfaces covered by tiny acicular to platy crystals (Fig. 14b) . As one of the oldest arsenate minerals on the locality, strashimirite is usually overgrown by younger olivenite, cornubite, euchroite and clinoclase, and also by azurite and malachite crusts. Strashimirite has been confirmed by X-ray powder diffraction (Tab. 19). Its refined unit-cell parameters (Tab. 20) are in good agreement with the published data. However, Frost et al. (2009b) reported lower values, particularly for parameters a and b, for samples from Zálesí and Svätodušná deposits. Strashimirite crystal structure remains undetermined and the ideal formula proposed is Cu 8 (AsO 4 ) 4 (OH) 4 ·5H 2 O (Minčeva-Stefanova 1998; Frost et al. 2009b) . Two morphological varieties of strashimirite occur at Farbište. The first forms fine fibrous aggregates similar to samples from the localities Svätodušná and Zálesí (Frost et al. 2009b ). The totals of chemical analyses including calculated contents of H 2 O vary in the range 104-108 wt. %. The second variety forms compact aggregates with distinct concentric zoning seen in BSE images (Fig. 14c) (Fig. 14d) . Strashimirite from Farbište differs only by the limited content of Zn (up to 0.20 apfu) and lower contents of other elements such as Ni, Co or Ca (Fig. 14e) . In anion sites the dominating As is accompanied by minor S (up to 0.12 apfu), Sb and Si (up to 0.06 apfu), and P (up to 0.05 apfu). Similar contents of minor elements were reported in strashimirite from the Zálesí and Svätodušná deposits (Frost et al. 2009b ). On the other hand, F determined in strashimirite from Farbište (0.07-0.12 apfu) was not noted as yet for this species. The empirical formula for both varieties of strashimirite was calculated on the basis of (As + P + Si + S + Sb) = 4 as follows: (Cu 8 
Tyrolite
Tyrolite is typical and the most abundant arsenate at this locality, especially at the dump of the upper adit. It forms radial aggregates (Fig. 15a) acteristic pearly lustre, in fissures of mineralized rocks, mostly in association with chrysocolla, azurite and barite. Two different colour-types of tyrolite were observed: emerald to grass green and pale blue-green aggregates. In vugs, the tyrolite occurs rarely also as hemispherical or irregular aggregates of well developed platy to tabular crystals (Fig. 15b) which are sometimes covered with, or replaced by, thin botryoidal coatings of chrysocolla. Tyrolite was identified using X-ray powder diffraction (Tab. 22) and refined unit-cell parameters of both colour types (Tab. 23). The data obtained fit well with those published by Krivovichev et al. (2006) for the polytype 1M. Data given for the 2M polytype (Krivovichev et al. 2006 ) and the discredited (SO 4 ) 2-analogue of tyrolite, clinotyrolite (Ma et al. 1980 ) are clearly different. The chemical composition of tyrolite has not been completely clarified yet, especially with respect to the role of (CO 3 ) 2-and (SO 4 ) 2-groups. Recent papers, e.g. Tab. 17 Unit-cell parameters of parnauite (for orthorhombic space group P2 1 22)
Farbište, Slovakia this paper 14.887 (14) 14.239 (7) tyrolite from Farbište (Tab. 24) suggest that S does not participate in the As + P group but probably enters the interlayer space together with H 2 O and (CO 3 ) 2-groups. The chemical data show a slight difference between the two types of tyrolite. The emerald-green platy crystals with chrysocolla are characterised by increased S in the range 0.20-0.30 apfu and relatively low calculated contents of the carbonate groups (0.08-0.17 apfu). Its empirical formula on the basis of (As + P) = 4 apfu is Ca 1.87 (Cu 8.46 Zn 0.03 ) Σ8.49 (AsO 4 ) 3.91 (PO 4 ) 0.09 (SO 4 ) 0.25 (CO 3 ) 0.11 (OH) 7.91 F 0.10 •11H 2 O. The pale blue-green radial aggregates contain significantly less S (0.04-0.09 apfu) and the calculated contents of the carbonate groups are 0.31-0.64 apfu. The empirical formula on the basis of (As + P) = 4 apfu is Ca 1.92 (Cu 8.57 Zn 0.03 ) Σ8.60 (AsO 4 ) 3.91 (PO 4 ) 0.09 (CO 3 ) 0.47 (SO 4 ) 0.05 (OH) 7.90 F 0.10 ·11H 2 O. Both types of tyrolite show minor contents of Zn (0.02-0.04 apfu), P (0.08-0.10 apfu) and F (0.07-0.13 apfu). The differences in composition of the two types of tyrolite are observed in infrared absorption spectra (Figs  15c-d) , especially in the 1200-800 cm -1 region (Fig.  15d) . According to data published by Kloprogge and Frost (2000), who reinterpreted the dataset published by Gadsden (1975) , the band around 1035 cm -1 represents vibration of the CO 3 group or an OH-bend. However, in the case of the high content of sulphate groups, especially in the emerald-green tyrolite, it seems to be more logical to ascribe that band to antisymmetric stretching mode of the SO 4 groups. Interesting is also the band representing symmetric stretching mode of AsO 4 group (808 cm -1 ), which, for the emerald-green tyrolite, is much lower than in the SO 4 -poor, pale blue-green variety. The whole band component analysis for both types of tyrolite from Farbište is presented in Tab. 25.
Silicates
Chrysocolla
This mineral forms common bluish green to green botryoidal crusts and compact fillings of vugs and fissures in the mineralized rocks. It is mostly associated with tyrolite, malachite, azurite and barite. Common are chrysocolla pseudomorphs after tabular crystals and radial aggregates of tyrolite.
Chrysocolla was identified by semiquantitative microprobe analyses, which show that the main components are mean a -mean of all 7 analyses (some not shown here) of fibrous aggregates of strashimirite; 1-5 its selected representative analyses; mean b -mean of all 11 analyses of strashimirite compact aggregates (6-10 being the selected representative analyses). Coefficients of empirical formula were obtained assuming (As + P + S + Sb + Si) = 4; H 2 O* contents were calculated on the basis of charge balance and theoretical content of five water molecules. Cu, Al, Si and O. According to X-ray powder diffraction, the studied samples are amorphous.
Gdf
Origin and formation of supergene mineralization at the Farbište occurence
Two main associations of the supergene minerals were observed at Farbište occurrence (Fig. 16) . Both formed as a result of weathering of primary ore minerals, especially tennantite, which is the dominant primary ore phase and was the main source of Cu, As and S ions in the supergene zone. The almost complete absence of supergene hydroxides and oxides of iron such as goethite is caused by the relative scarcity of pyrite and other iron-bearing minerals in the primary zone. The first association is typical of the lower part of the supergene zone and is exposed in the upper adit. The main supergene phases in this case are tyrolite and chrysocolla. Relatively common are also barite, azurite and malachite. Except tyrolite, no additional copper arsenates have been observed. The chemical composition of tyrolite from this association is characterised by a predominance of the (SO 4 ) 2-over (CO 2 ) 2-groups in the anion position. This most probably results from the higher activity of Ca 2+ and (AsO 4 ) 3-ions and the absence of (CO 3 ) 2-in solutions during the early stage of the supergene phases' crystallization sequence. In this situation the (SO 4 ) 2-ions produced by weathering of primary minerals would be preferentially incorporated in tyrolite.
The second association of supergene minerals is represented by a rich suite of copper arsenates and carbonates and is especially well developed in the upper part of the outcrop. Tyrolite is much rarer compared to the previous association. Rare brochantite and mixed-anion sulphate-arsenate species parnauite are 
Fig. 18
Boundaries between the copper (II) arsenates and more common supergene carbonate minerals (Magalhães et al. 1988 ).
also present together with tyrolite. This fact is well reflected in the chemical composition of tyrolite, which contains (CO 3 ) 2-groups predominating over (SO 4 ) 2-in the interlayer positions, because most of the (SO 4 ) 2-is bound in brochantite and parnauite. Due to the isolated nature of the brochantite occurrence, it is difficult to define its exact relation to other copper arsenates in the sequence. However, the position of brochantite as one of the oldest supergene phases is confirmed by the fact that is replaced by parnauite. Parnauite was observed elsewhere as crusts on strashimirite. Both brochantite and parnauite are covered by azurite and malachite. The presence of bariopharmacosiderite-Q as an earlier phase in the crystallization sequence indicates a rapid decline in activity of Fe 3+ ions in the solution during the crystallization of supergene minerals.
According to data published by Magalhães et al. (1988) and Williams (1990) , olivenite is a stable phase at relatively lower, and clinoclase at higher, pH conditions (Fig. 17) . Cornubite (or cornwallite) is stable only in the very narrow field between olivenite and clinoclase. In general, more basic stoichiometries occupy fields at higher pH values (Magalhães et al. 1988 ). Thus, the observed broad crystallization sequence of copper arsenates at Farbište -tyrolite → strashimirite → olivenite I → cornubite + cornwallite → euchroite → olivenite II → clinoclase -obviously represents a slight increase in the pH values and/or copper ion activity in the solution. Numerous associations with clinoclase covering olivenite or cornubite/cornwallite are known (e.g. Řídkošil 1981b; Embrey and Symes 1987; Wendel et al. 2001; Dunning and Cooper 2005; Szakáll et al. 2005) . A reverse paragenetic sequence of copper arsenates was described from the Majuba Hill mine, Nevada, where clinoclase crystallized first and was followed by cornwallite, cornubite and olivenite (Jensen 1985) . A similar association was reported also from the Dome Rock copper mine, South Australia (Ryall and Segnit 1976) and the Gelnica copper deposit in Slovakia (Sejkora et al. 2001) . Such a sequence reflects presumably a drop in pH values and/or Cu 2+ activity during crystallization (Magalhães et al. 1988) . Solution studies of copper arsenates revealed that strashimirite and also euchroite are metastable phases with respect to olivenite (Magalhães et al. 1988 ). According to Guillemin (1956) , natural or synthetic euchroite is transformed to olivenite in aqueous solution at pH ~ 5.4 and elevated temperatures. Euhedral olivenite inclusions are characteristic of euchroite from Farbište, especially of opaque crystals. Rarely, also complete pseudomorphs of olivenite after euchroite were observed. A similar situation (euhedral olivenite inclusions) is also known from the type locality of euchroite, the Svätodušná deposit near Ľubietová, Slovakia (Figuschová 1977) . Such olivenite inclusions enclosed in euchroite or olivenite pseudomorphs after the latter mineral represent most probably a product of a partial decomposition of the euchroite as metastable phase. The position of azurite and malachite among copper arsenates in the crystallization sequence indicates a local increase in activity of CO 2 (Fig. 18) , the exact cause of which remains unknown. According to Williams (1990) , azurite is the stable carbonate phase at the elevated activity of CO 2 . The fact that the studied azurite is clearly older than the malachite could indicate a decreasing CO 2 activity during that stage of the supergene zone evolution.
